We describe the analytic solution of the Cauchy problem for some fourth-order linear hyperbolic equations with constant coefficients in a halfplane in the case of two independent variables, assuming certain conditions for the coefficients. Suitable conditions are assumed for the coefficients, and the equation operator is composed of first-order linear operators.
Introduction
This work is devoted to considering the Cauchy problem on a half-plane for some fourth-order nonstrictly hyperbolic linear equation with constant coefficients. The operator appearing in the equation involves a composition of first-order differential operators. The Cauchy problem for such an equation was previously considered in [1, 2] in the case of a strictly hyperbolic equation (a Petrovskii hyperbolic equation [3, 4] ). The general solution for both strictly and nonstrictly hyperbolic equations of arbitrary order was constructed there as well. The case of a nonstrictly hyperbolic equation with the coincidence of all characteristics was considered in [5] , and the solutions of the Cauchy problem in all cases of a nonstrictly hyperbolic third-order equation of such a form were obtained in [6] .
Unique solvability of the problem and the construction of solution for the Cauchy problem is one of the classical problems in the theory of differential equations. Differential equations arise in the modelling of several natural phenomena, and the Cauchy problem is one of the first and most important.
The Cauchy problem for hyperbolic partial differential equations was studied by many mathematicians for a long time, mostly by methods of functional analysis. In this paper, we suggest the following analytical methods for solving the Cauchy problem. First, we find the general solutions using the characteristics of the equation. Next, from the general solution, we determine the solution which satisfies the Cauchy conditions. The latter step is the main difficulty for the determination of the required analytical solution. The general solution of the homogeneous equation depends on a number of arbitrary functions. To determine them, we use Cauchy differential conditions. This leads to the corresponding system of differential equations. In each particular case, solving this system requires a different method and approach. In addition, the solutions depend on a number of arbitrary constants. In order to prove the uniqueness of the solution for a given Cauchy problem, it is necessary to prove that all these arbitrary constants are cross-eliminated after substitution into the general solution.
Partial differential equations of fourth order are encountered when studying mathematical models for certain natural and physical processes. An example of such type of equations, is the fourth-order governing differential equation for nanorod based on nonlocal second-order strain gradient model [see [7, 8] ]:
and the flexural wave equation for an Euler-Bernoulli beam has a fourth order derivative in space and is given as [see [9, 10] ]:
On the plane R 2 of two independent variables t and x, we introduce the half-plane Q = [0, +∞) × R on which we consider the following partial differential equation of fourth-order, for a function u :
together with the initial conditions:
where
-are the first derivatives with respect to t, x and a (k) , b (k) are given real numbers,
Consider the fourth-order homogeneous equation:
with
where p and r (k) are positive integers such that p ≤ 4 and r (1) + r (2) + ... + r (p) = 4. By [2] , the general solution of Eq. (5) has the form:
In this paper, we study five cases of fourth-order non-strictly hyperbolic equations, in particular: 
Main results
In this section, we consider the some cases for fourth-order non-strictly hyperbolic equations of the form (5).
Case 1: r (1) = 4 and r (j) = 0, j = 2, 4. Assume that the coefficients of (5) satisfy a (k) = a, b (k) = b, ∀k = 1, 4. Then, according to (7) , the general solution of (5) can be written in the following form: (8), finally we have:
Case 2: The coefficients of (5) satisfy a (k) = a, b (k) = b with k = 1, 2, 3 and a (4) = a, b (k) -arbitrary constants. According to (7), the general solution of equation (5) has the form:
, we obtain third-order ODE for f 1 (x)
After solving (10), we have:
where C 1 , C 2 and C 3 are arbitrary integration constants. Then, using (11) and the first three equations of system of differential equations, it is easy to find three other functions for the solution of (9):
, f 4 (x) into 9, we get the solution:
Case 3:
We have coefficients of equation (5) 
, c = a and b, d -arbitrary constants. According to equation (7), the general solution of equation (5) in this case has the form:
we compute partial derivatives of first,second and third order in t and substitute them into the initial conditions (4), we get the following system of differential equations on the functions f k (x) with k = 1, 2, 3, 4:
We introduce the following notation for differential operators:
In this notation, we rewrite system of differential equations for the
2 dz, we obtain:
where C 1 , C 2 and C 3 are arbitrary integration constants. Then, using function 14 and the first three equations of system of differential equations it is easy to find three other functions for the solution of (12):
2(a − c) dz (12), we get the solution:
2(a − c) dz.
Case 4:
According to equation (7), the general solution of equation (5) in this case has the form:
We introduce the following notation of differential operators:
In this notation, we rewrite system of differential equations for the unknown function f 1 (x), f 2 (x), f 3 (x), f 4 (x) in the form:
, we obtain second-order ODE for f 2 (x):
Solving the second-order differential equation from (16), we get:
Then, using function (17), we find three other functions for the solution of (15): (a − c)(a − e) dz
and (a − c)(c − e) dtdz, instead of f 2 (x) by f 1 (x), we obtain third-order ODE for f 1 (x) 
